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1
APPARATUSES AND METHODS INCLUDING
ERROR CORRECTION CODE
ORGANIZATION

PRIORITY APPLICATION

This application is a continuation of U.S. application Ser.
No. 13/413,636, filed Mar. 6, 2012, which is incorporated
herein by reference in its entirety.

BACKGROUND

Memory devices, such as flash memory, are widely used in
computers and many electronic products. Such memory
devices have numerous memory cells. Information can be
stored in the memory cells in a write operation. The stored
information can be retrieved in a read operation or can be
cleared in an erase operation. As memory cell density
increases for a given device area, maintaining a reliability of
information stored in memory devices may pose a challenge.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of an apparatus in the form
of a memory device, according to an embodiment of the
invention.

FIG. 2 shows a schematic diagram of a portion of a memory
device, according to an embodiment of the invention.

FIG. 3 is a graph showing threshold voltage ranges that can
be configured to represent values of information stored in
memory cells of the memory device of FIG. 2, according to an
embodiment of the invention.

FIG. 4 shows a block diagram corresponding to memory
portions of the memory device of FIG. 2, according to an
embodiment of the invention.

FIG. 5 shows different pages of information that can be
stored in the memory portions of FIG. 4, according to an
embodiment of the invention.

FIG. 6 shows a structure of a generator matrix, according to
an embodiment of the invention.

FIG. 7 shows a block diagram of an apparatus in the form
of a system, according to an embodiment of the invention.

FIG. 8 is a flow diagram showing a method of operating a
system, according to an embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of an apparatus in the form
of'a memory device 100, according to an embodiment of the
invention. Memory device 100 can include a memory array
102 having memory cells 103 that can be arranged in rows and
columns along with lines (e.g., access lines) WL0 and WL1
through WLm and lines (e.g., data lines) BLLO and BL1
through BLn. Memory device 100 can use lines WL0 and
WL1 through WLm and lines to access memory cells 103 and
lines 105 to exchange (e.g., transfer) information with
memory cells 103.

Row access 108 and column access 109 circuitry can
respond to an address register 112 to access memory cells 103
based on row address and column address signals on lines
110, 111, or both. An input/output circuit 114 can be config-
ured to exchange information between memory cells 103 and
lines 110. Lines 110 and 111 can include nodes within
memory device 100 or pins (or solder balls) on a package
where memory device 100 can reside.

A control circuit 116 can control operations of memory
device 100 based on signals present on lines 110 and 111. A
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device (e.g., a processor or a memory controller) external to
memory device 100 can send different commands (e.g., read,
write, or erase commands) to memory device 100 using dif-
ferent combinations of signals on lines 110, 111, or both. The
device (e.g., a processor or a memory controller) that sends
different commands to memory device 100 can be formed on
a same semiconductor die as memory device 100, or such a
device (e.g., a processor or a memory controller) could be
formed on a semiconductor die different from a semiconduc-
tor die that forms memory device 100.

Memory device 100 can respond to commands to perform
memory operations on memory cells 103, such as performing
awrite (e.g., programming) operation to store (e.g., program)
information in memory cells 103 or a read operation to
retrieve stored information from memory cells 103. Memory
device 100 can also perform an erase operation to clear infor-
mation from some or all of memory cells 103.

The information stored in memory cells 103 can include
data and error correction code (ECC) associated with the data.
The ECC can be generated based on data before the data is
stored in memory cells 103. The ECC can include parity
check bits. When data and its associated ECC are retrieved
from memory cells 103, the ECC can be used to correct errors
that may have occurred in the data. ECC associated with data
can be internally generated by memory device 100 or exter-
nally generated by another device (e.g., a memory controller
or a processor).

Each of memory cells 103 can be programmed to store
information representing a value of a fraction of a bit, a value
of a single bit, or a value of multiple bits such as two, three,
four, or another number of bits. For example, each of memory
cells 103 can be programmed to store information represent-
ing a binary value “0” or “1” of a single bit. The single bit per
cell is sometimes called a single level cell. In another
example, each of memory cells 103 can be programmed to
store information representing a value for multiple bits, such
as one of four possible values “007, “01”, “10”, and “11” of
two bits, one of eight possible values “000”, “001”, “010”,
“0117,1007,“101”,“110”, and “111” of three bits, or one of
other values of another number of multiple bits. A cell thathas
the ability to store multiple bits is sometimes called a multi-
level cell (or multi-state cell).

Memory device 100 can include a non-volatile memory
device, and memory cells 103 can include non-volatile
memory cells, such that memory cells 103 can retain infor-
mation stored thereon when power is disconnected from
memory device 100. For example, memory device 100 can be
a flash memory device, such as a NAND flash or a NOR flash
memory device, or another kind of memory device, such as a
variable resistance memory device (e.g., a phase change or
resistive RAM device).

Memory device 100 can include a memory device where
memory cells 103 can be physically located on multiple levels
on the same device, such that some of memory cells 103 can
be stacked over some other memory cells 103 in multiple
levels over a substrate (e.g., a semiconductor substrate) of
memory device 100.

One of ordinary skill in the art may recognize that memory
device 100 may include other elements, several of which are
not shown in FIG. 1, so as not to obscure the example embodi-
ments described herein.

At least a portion of memory device 100 can include struc-
tures similar to or identical to memory devices described
below with reference to FIG. 2 through FIG. 8.

FIG. 2 shows a schematic diagram of a portion of a memory
device 200, according to an embodiment of the invention.
Memory device 200 can include a memory array 202, which
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can form part of memory array 102 of FIG. 1. As shown in
FIG. 2, memory array 202 can include memory cells 210, 211,
212, 213, and 214 associated with lines WL0, WL1, WL2,
WL3, and WL 4, respectively. Each oflines WL0, WL1, WL2,
WL3, and WL4 can form part of an access line of memory
device 200 to access memory cells memory cells 210, 211,
212, 213, and 214 during a memory operation (e.g., a read or
write operation). Memory device 200 can include lines BLO
through BL9 respectively. Each of lines BL.0 through BL9 can
form part of a data line of memory device 200. FIG. 2 shows
five lines WL0, WL1, WL2, WL3, and WL4 and ten lines BLO
through BL9 as an example. The number of these lines can
vary.

Memory cells 210, 211, 212, 213, and 214 can be arranged
in a NAND configuration, as shown in FIG. 2. For example,
memory cells 210, 211, 212, and 213 can be arranged as
memory cell strings, such as memory cell strings 220 through
229. Each of memory cell strings 220 through 229 can be
coupled to one of lines BLO through BL9 through one of
transistors (e.g., select transistor) 217 and to aline SL. through
one of transistors (e.g., select transistor) 218. Line SL. can
form part of a source (e.g., source line) of memory device 200.

During a memory operation (e.g., a read or write opera-
tion), memory device 200 can use line SGD to turn on tran-
sistors 217 to couple memory cell strings 220 through 229 to
respective lines BLO through BL9, or turn off transistors 217
to decouple memory cell strings 220 through 229 from
respective lines BLO through BL9. Memory device 200 can
use line SGS to turn on transistors 218 to couple memory cell
strings 220 through 229 to line SL, or turn off transistors 218
to decouple memory cell strings 220 through 229 from line
SL.

Memory cells 210, 211, 212, 213, and 214 can be physi-
cally located on multiple levels of memory device 200, such
that the memory cells in the same memory cell string can be
stacked over each other in multiple levels of memory device
200. For example, memory cells 214 can be physically
located on one level of memory device 200. Memory cells
213 can be physically located over memory cell 214 on
another level of memory device 200. FIG. 2 shows an
example of twelve memory cell strings 220 through 229 and
four memory cells 210, 211, 212, and 213 in each memory
cell string. The number of memory cell strings and number of
memory cells in each memory cell string can vary.

Memory cells 210 and memory cells 214 can be physically
located at respective edges of memory array 202. For example
memory cells 210 can be physically located at an edge of
memory array 202, such that memory cells 210 can be closer
to transistors 217 than other memory cells (e.g., 211, 212,
213, and 214) of memory array 202. In another example,
memory cells 214 can be physically located at another edge of
memory array 202, such that memory cells 210 can be closest
to transistors 218 than other memory cells (e.g., 210, 211,
212, and 213) of memory array 202.

In a memory operation, memory device 200 can selectively
access selected memory cells among memory cells 210, 211,
212, 213, and 214 to store information (e.g., in a write opera-
tion) in the selected memory cells or to retrieve information
(e.g., in a read operation) from the selected memory cells.
Information stored in memory cells 210, 211, 212, 213, and
214 can include data and ECC associated with the data. For
example, to store information in selected memory cells
among memory cells 212, memory device 200 can activate
lines WL0 through W14 such that only memory cells 212 can
be accessed. Then memory device 200 can store information
in the selected memory cells, for example, by applying an
appropriate voltage (e.g., a programming voltage) on line
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WL2 and lines BLO through BL9. In another example, to
retrieve information (e.g., data and ECC) from selected
memory cells among memory cells 212, memory device 200
can activate lines WL 0 through WL4 such that only memory
cells 212 can be accessed. Then memory device 200 can
retrieve stored information from the selected memory cells,
for example, by sensing stored information from the selected
memory cells via lines BLO through BL9.

As shown in FIG. 2, memory cells 210, 211, 212, 213, or
214 associated with the same line WL0, WL1, WL2, WL3, or
WLA4 can be organized into different memory portions where
each memory portion can include a number (a group) of
memory cells. For example, memory cells 210 (associated
with line WL0) can be organized into memory portions 251,
252, and 253. Memory cells 211 (associated with line WL1)
can be organized into memory portions 261, 262, and 263.
Memory cells 212 (associated with line WL2) can be orga-
nized into memory portions 271, 272, and 273. Memory cells
213 (associated with line WL3) can be organized into
memory portions 281, 282, and 283. Memory cells 214 (asso-
ciated with line WL4) can be organized into memory portions
291, 292, and 293.

The memory portions of memory device 200 can store
different types of information. For example, memory portions
251, 261, 271, 281, and 291 can store data. Memory portions
252,253,262,263,272,273, 282,283,292, and 293 can store
ECC associated with the respective data stored in memory
portions 251, 261, 271, 281, and 291. Alternatively or addi-
tionally, memory portions 252, 253,262, 263,272, 273, 282,
283, 292, and 293 can also store other types of information
(e.g., overhead information or data management informa-
tion).

FIG. 2 shows a particular number (e.g., six, three, or one) of
memory cells in each of memory portions 251,261, 271, 281,
and 291, memory portions 252, 262, 272, 282, and 292, and
memory portions 253,263,273, 283, and 293, as an example.
The number of memory cells in these memory portions can
vary.

For simplicity, the following description describes organi-
zations and functions of memory cells associated with one of
lines WLO, WL1, WL2, WL3, and WL4, such as memory
cells 213 associated with line WL3. Other memory cells 210,
211,212, and 214 can include similar organizations and func-
tions.

In memory cells 213, memory portion 271 can have a size
(e.g., a number of memory cells) that is substantially greater
than the combined size of memory portions 272 and 273. For
example, memory portion 271 can include approximately
97% (e.g., 96.875%) of the number of all memory cells 213,
and memory portions 272 and 273 can include approximately
3% (e.g., 3.125%) of the number of all memory cells 213.

As an example, memory portion 271 can include
65,536=8x8x2' cells that are capable of storing 8x8x2'° bits
(8 Kbytes) of data (e.g., if each of the 65,536 cells is config-
ured to store 1 bit of data) or capable of storing 16x8x2'° bits
(16 Kbytes) of data (e.g., if each of the 65,536 cells is con-
figured to store 2 bits of data). Memory portions 272 and 273
caninclude 2,048=256x8 cells that are capable of storing 256
bytes of data (e.g., if each of the 2,048 cells is configured to
store 1 bit of data) or capable of storing 512 bytes of data (e.g.,
if each of the 2,048 cells is configured to store 2 bits of data).

Memory portion 272 can have a size (e.g. a number of
memory cells) greater than that of memory portion 273. For
example, memory portion 272 can have a size than is three
times the size of memory portion 273. Thus, memory portion
272 can be capable of storing ECC having a size that is three
times the size of ECC that can be stored in memory portion
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273. For example, memory portion 273 can include a number
of memory cells that are capable of storing 64 bytes of ECC,
and memory portion 272 can include a number of memory
cells that are capable of storing 192 bytes of ECC.

Memory portions 251, 261, 271, 281, and 291 can have the
same size. For example, each of memory portions 251, 261,
271,281, and 291 can include 65,536=8x8x2"° cells (capable
of storing 8 Kbytes or 16 Kbytes of data in each portion, for
example). Memory portions 252,262, 272, 282, and 292 can
have the same size. For example, each of memory portions
252,262, 272, 282, and 292 can include 1,536=192x8 cells
(capable of storing 192 bytes or 384 bytes of ECC in each
memory portion, for example). Memory portions 253, 263,
273, 283, and 293 can have the same size. For example, each
of memory portions 253, 263, 273, 283, and 293 can include
512=64x8 cells (capable of storing 64 bytes or 128 bytes of
ECC in each memory portion, for example).

Memory cells 210, 211, 212, 213, and 214 can store infor-
mation (e.g., data and ECC) in a sequential order. For
example, information can be stored in memory cells (e.g., all
of memory cells 210) of memory portions 251, 252, and 253
(associated with line WL0) before information can be stored
in memory cells 211 of memory portions 261, 262, and 263
(associated with line WL1). Information can be stored in
memory cells 211 (e.g., all of memory cells 211) of memory
portions 261, 262, and 263 (associated with line WL1) before
information can be stored in memory cells 212 of memory
portions 271,272, and 273 (associated with line WL.2), and so
on. Alternatively, other order (e.g., non-sequential order) can
be used.

The memory portions of memory cells (210,211, 212,213,
or214) associated with the same line among lines WL0, WL1,
WL2, WL3,and WL4 can store data and ECC concurrently in
a memory operation. In other words, data and ECC can be
stored in a parallel fashion in memory cells of the same line
(e.g., one of line WLO, WL1, WL2, WL3, or WL4). For
example, memory cells 212 in memory portions 271, 272, and
273 can concurrently store data and ECC, such that while data
are stored in memory portion 271 in a write operation, ECC
are stored in memory portions 272 and 273 in the same write
operation. In another example, memory cells 213 in memory
portions 281, 282, and 283 can concurrently store data and
ECC, such that while data are stored in memory portion 281
in a write operation, ECC are stored in memory portions 282
and 283 in the same write operation.

FIG. 3 is a graph showing threshold voltage (VT) ranges
301, 302, 303, and 304 that can be configured to represent
values of information (e.g., data or ECC) stored in memory
cells 210, 211, 212, 213, and 214 of FIG. 2, according to an
embodiment of the invention. As shown in FIG. 3, VT values
(e.g., values in volt unit along the VT axis) in one VT range are
different from VT values in another VT range. For example,
VT range 301 can include the lowest VT values relative to VT
values of VT ranges 302, 303, and 304. VT range 304 can
include the highest VT values relative to VT values of VT
ranges 301, 302, and 303.

As shown in FIG. 3, VT values of VT ranges 301, 302, 303,
and 304 can be configured to represent four possible values
“007,“01”,“10”, and “11”, respectively, of two bits of infor-
mation. The order “117, <107, “00”, and “01” corresponding
to VT ranges 301, 302, 303, and 304, respectively, is an
example order. A different order can be used.

FIG. 3 shows four VT ranges as an example. A different
number of ranges can be used. For example, eight different
VT ranges can be used to represent eight possible values of
three bits, including “000”, <0017, <0107, “011”, “1007,
“1017, 1107, and “111”.
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In FIG. 2, each of memory cells 210, 211, 212, 213, and
214 can hold a VT value (e.g., after a write operation) that is
within one of VT ranges 301, 302, 303, and 304 (FIG. 3) that
corresponds to the value of information stored in the memory
cell, depending on which of the value “117, “10”, “00”, or
“01” of two bits is stored in a selected memory cell. For
example, based on FIG. 3, to store a value “10” in a selected
memory cell (e.g., one 0of 210, 211, 212,213, and 214 in FIG.
2), a write operation can cause the selected memory cell to
hold a VT value within VT range 302. In another example, to
store a value “01” in a selected memory cell, a write operation
can cause the selected memory cell to hold a VT value within
VT range 304.

A read operation can retrieve (e.g., by sensing) the infor-
mation stored in a selected memory cell to determine the
value (e.g., “00”, <017, “10”, or “11”) of information stored in
the selected memory cell. For example, in a read operation, if
a VT value corresponding to VT range 302 is sensed from a
selected memory cell, then a value of “10” (based on FIG. 3)
can be generated from the sensed VT value. The value “10”
can then be provided (e.g., output) as the value of information
stored in the selected memory cell.

As described above with reference to FIG. 2, the informa-
tion stored in memory cells 210,211, 212, 213, and 214 (FIG.
2) can include data and ECC. Thus, in FIG. 3, each of values
“007,“017, <107, and “11” can represent values of either two
bits of data or two bits of ECC. For example, in FIG. 2, since
memory cells 213 in memory portion 281 to store data, if a
particular memory cell 213 in memory portion 281 has a VT
value (e.g., when sensed) within VT range 302 (which corre-
sponds to value “10” in FIG. 3), then stored information in
that particular memory cell can represent value “10” of two
bits of data. In another example, in F1G. 2, since memory cells
213 in memory portions 282 and 283 can store ECC, if a
particular memory cell 213 in memory portion 282 or 283 has
a VT value (e.g., when sensed) within VT range 302 (corre-
sponding to value “10” in FIG. 3), then stored information in
that particular memory cell can represent value “10” of two
bits of ECC.

As shown in FIG. 3, the two bits (having values “00”, “01”,
“10”,and “11”) of information can be designated as a bit at bit
position MSB (e.g., most significant bit) and a bit at bit
position LSB (e.g., least significant bit).

Memory device 200 (FIG. 2) can be configured to organize
bits of data (to be stored) in pages of information. Each page
of information can include data and its associated ECC. The
size of data (e.g., 8K bytes) in one page of information can be
the same as the size of data in another page of information.

The bits of data in a page of information can include bits
that will be stored in the same bit position (e.g., either MSB or
LSB). For example, a page of information can include data
having bits that will be stored in the same bit position MSB.
In another example, another page of information can include
data having bits that will be stored in the same bit position
LSB.

As shown in FIG. 3, among the bits at bit position MSB,
values “17, “17, “0”, and “0”, in this order, change only one
time, from “1” at VT range 302 to “0” at VT range 303.
Among the bits at bit position L.SB, values “17, “0”, “0”, and
“17, in this order, change twice, such as changing from “1” at
VT range 301 to “0” at VT range 302 and changing from “0”
at VT range 303 to “1” at VT range 304. Thus, in comparison
between bits at bit positions MSB and bits at bit position LSB,
the bits at bit position LSB changes more times than the bits
at bit position MSB. An error is more likely to occur when a
bit changes its values (e.g., between “0” and “1”) than when
the bit remains at the same value. Thus, an error is more likely
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(e.g., twice more likely) to occur in the bits at bit position LSB
than in the bits at bit position MSB.

Thus, based on the order of values “117, “10”, “00”, and
“01” in FIG. 3, a more error-prone page of information can
refer to a page of information that includes data having bits at
bit position LSB. A less error-prone page of information can
refer to a page of information that includes data having bits at
bit position MSB.

In some cases, values “117, 107, “00”, and “01” in FIG. 3
can be arranged in an order different from the order shown in
FIG. 3. In such cases, depending on the order of values “117,
“107, “00”, and “01”, an error can be more likely to occur in
the bits at bit position MSB than in the bits at bit position LSB.

In short, a more error-prone page of information can refer
to a page of information that includes data having bits at a bit
position (e.g., LSB based on the order of values in FIG. 3) that
is more likely to have errors than a page of information that
includes data having bits at another bit position (e.g., MSB
based on the order of values in FIG. 3). A less error-prone
page of information can refer to a page of information that
includes data having bits at a bit position (e.g., MSB based on
the order of values in FIG. 3) that is less likely to have errors
than a page of information that includes data having bits at
another bit position (e.g., LSB based on the order of values in
FIG. 3).

Thus, as described below with reference to FIG. 4 through
FIG. 8, to improve error correction of data, more ECC (e.g., a
higher number of ECC bits) can be allocated to data having
bits at a bit position that is determined to be more likely to
have errors than to data having bits at a bit position that is less
likely to have errors. Analysis of bit patterns written into and
retrieved from memory cells, such as memory cells 210, 211,
212, and 213, can be performed (e.g., during manufacturing)
to determine in which of bit positions (e.g., MSB or LSB) that
bits of data more likely to have errors.

FIG. 4 shows a block diagram corresponding of memory
portions of memory cells 210, 211, 212, 213, and 214 of FIG.
2, according to an embodiment of the invention. The refer-
ence designations of the memory portions of memory cells
210, 211,212,213, and 214 in FIG. 4 are the same as those in
FIG. 2, including (as shown in FIG. 4) memory portions 251,
252, and 253 (associated with line WL0), memory portions
261, 262, and 263 (associated with line WL1), memory por-
tions 271, 272, and 273 (associated with line WL.2), memory
portions 281, 282, and 283 (associated with line WL3), and
memory portions 291, 292, and 293 (associated with line
WLA4). The drawing in FIG. 4 is not drawn to scale.

As shown in FIG. 4, each of memory portions 252, 262,
272, 282, and 292 can include portions (e.g., subportions),
such as portions 401, 402, and 403 in memory portion 252,
portions 411, 412, and 413 in memory portion 262, portions
421, 422, and 423 in memory portion 272, portions 431, 432,
and 433 in memory portion 282, and portions 441, 442, and
443 in memory portion 292.

Portions 401, 402, and 403 can have the same size (e.g., the
same number of memory cells). Each of portions 401, 402,
and 403 can also have a size that is equal to the size of memory
portion 253. Portions 411, 412, and 413 can have the same
size (e.g., the same number of memory cells) that can equal to
the size of memory portion 263. Portions 421, 422, and 423
can have the same size (e.g., the same number of memory
cells) that can be equal to the size of memory portion 273.
Portions 431, 432, and 433 can have the same size (e.g., the
same number of memory cells) that can be equal to the size of
memory portion 283. Portions 441, 442, and 443 can have the
same size (e.g., the same number of memory cells) that can be
equal to the size of memory portion 293.
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FIG. 5 shows different pages of information (e.g., data and
ECC) that can be stored in the memory portions of FIG. 4,
according to an embodiment of the invention. The reference
designations of the memory portions of memory cells 210,
211,212,213, and 214 in FIG. 4 are the same as those in F1G.
2, including memory portions 251, 252, and 253 (associated
with line WL0), memory portions 261, 262, and 263 (associ-
ated with line WL1), 271, 272, and 273 (associated with line
WL2), memory portions 281, 282, and 283 (associated with
line WL3), and memory portions 291, 292, and 293 (associ-
ated with line WL4).

As shown in FIG. 5, the information can include data and
their associated ECC, such as data 555 and associated ECC
557, data 565 and associated ECC 567, data 566 and associ-
ated ECC 568, data 575 and associated ECC 577, data 576
and associated ECC 578, data 585 and associated ECC 587,
data 586 and associated ECC 588, data 595 and associated
ECC 597.

The ECC associated with particular data can be used to
correct errors that may have occurred in that particular data.
For example, ECC 577 can be used to correct errors that may
have occurred in data 575 when data 575 is retrieved in a read
operation. In another example, ECC 578 can be used to cor-
rect errors that may have occurred in data 576 when data 576
is retrieved in a read operation.

In FIG. 5, “DATA WLx”, “DATA ;, WLx”, and “DATA,
WLx” (where x=0, 1, 2, 3, or 4) can represent different data
(e.g., bits of data) among data 555, 565, 575, 585, and 595
stored in memory portions 251, 261, 271, 281, and 291 asso-
ciated with lines WL0, WL1, WL2, WL3, and WL4, respec-
tively. For example, “DATA , WL1” can represent data in a
page of information stored in memory portion 261 associated
with line WL1. In another example, “DATA ; WL1” can rep-
resent data in another page of information stored in memory
portion 261 of memory associated with line WL1. “DATA ,
WL1” and “DATA; WL1” can be stored in the same memory
cells of memory portion 261 associated with line WL1.
“DATA , WL2” and “DATA ; WL2” can represent data in two
different pages of information stored in memory portion 271
associated with line WL2. “DATA, WL3” and “DATA,
WL3” can represent data in two different pages of informa-
tion stored in memory portion 281 associated with line WL3.

Data in different pages of information can have the same
size (e.g., the same number of bits). For example, data 555,
565, 566, 575, 576, 585, 586, and 595 (e.g., represented by
“DATAWLX”, “DATA , WLx”, and “DATA ; WLxX") can have
the same number of bits (e.g., 65,536 bits=8x8x2'°=8
Kbytes).

“ECC, (DATA WLx)”, “ECC, (DATA, WLx)”, and
“ECCy (DATA; WLx)”, where Y=0, 1, 2, 3, or 4, can repre-
sent different sets (e.g., sets of parity check bits) of ECCs 557,
567, 577, 587, 588, and 597 associated with data stored in
memory portions 251, 261, 271, 281, and 291. For example,
“ECC, (DATA, WL2)”, “ECC, (DATA, WL2)”, “ECC,
(DATA , WL2)” can represent three sets of ECC associated
with data “DATA, WL2”. In another example, “ECC,
(DATA; WL2)”?, “ECC, (DATA; WL2)”, “ECC, (DATA,
WL2)”, “ECC; (DATA; WL2)” and “ECC, (DATA; WL2)”
can represent five sets of ECC associated with data “DATA,
WL2”.

“ECC, (DATA WLx)”, “ECC, (DATA, WLx)”, and
“ECCy(DATA; WLx)” can have the same size (e.g., the same
number of bits, such as 512 bits=64 bytes).

The data and ECC shown in FIG. 5 can be organized into
pages of information. For example, a page of information
stored in the memory portions associated with line WL2 can
include “DATA, WL2”, “ECC, (DATA, WL2)”, “ECC,
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(DATA, WL2)”, “ECC, (DATA, WL2)”, and “ECC,
(DATA; WL1)”. Another page of information stored in the
memory portions associated with line WL2 can include
“DATA; WL2”, “ECC, (DATA; WL2)”, “ECC, (DATA,
WL2)”,“ECC, (DATA; W1.2)”, and “ECC; (DATA; WL2)”.

As shown in FIG. 5, data from different pages of informa-
tion can be stored in the same memory portion associated with
the same line WL0, WL1, WL2, WL3, or WL4. For example,
data “DATA , WL2” and “DATA ; WL2” from two different
pages of information can be stored in the same memory
portion 271 associated with line WL2.

An entire ECC associated with particular data can be orga-
nized into the same page of information as the data and can be
stored in the memory portions associated with the same line
(one of lines WLO, WL1, WL2, WL3, and WL4). For
example, “ECC, (DATA , WL2)”, “ECC, (DATA , WL2)”,
and “ECC, (DATA , WL.2)” associated with“DATA , WL2”
can be organized into the same page of information and stored
in the memory portions associated with the same line WL2.

A portion (e.g., a set) of ECC associated with particular
data can be organized into a page of information that is
different from the page of information that includes that par-
ticular data. The different pages of information can be stored
in the memory portions associated with different access lines.
For example, a portion (e.g., ECC, (DATA; WL2)) of ECC
associated with DATA z WL.2 can be organized into a page of
information that includes “DATA , WL3”, “ECC, (DATA ,
WL3)”, “ECC, (DATA , WL3)”, and “ECC, (DATA , WL3)”
which is different from the page of information that includes
DATA ; WL2. Thus, data and its associated ECC can be orga-
nized into two different pages of information and can be
stored in memory portions associated with two different lines
among lines WLO, WL1, WL2, WL3, and WL4. The two
different lines (e.g., WL.2 and WL3) can be physically located
immediately next to the each other. Thus, the memory por-
tions associated with different lines can include memory cells
(e.g., 212 and 213) that are physically located immediately
next to the each other.

As shown in FIG. 5, the memory portions associated with
some of lines WLO0, WL2, WL2 WL3, and W14 (e.g., lines
WLO0 and WL4) can be configured to store only one page of
information. For example, memory portions 251, 252, and
253 associated with line WL0 can be configured to store only
one page of information that includes “DATA WL0”, “ECC,
(DATA WL0)”, “ECC, (DATA WL0)”, “ECC, (DATA
WL0)”, and “ECC; (DATA WL0)”. In another example,
memory portions 291, 292, and 293 associated with line W14
can be configured to store only one page of information that
includes “DATA WL4”, “ECC, (DATA WL4)”, “ECC,
(DATA WL4)”, “ECC, (DATA WL4)”, and “ECC, (DATA,
WL3)”.

As shown in FIG. 5, memory portions associated with
some of lines WLO0, WL2, WL2 WL3, and W14 (e.g., lines
WL1, WL2, and WL3) can be configured to store multiple
pages of information. For example, as shown in FIG. 5,
memory portion 271 can be configured to store a page of
information that includes data 575 and another page of infor-
mation that includes data 576. In this example, if memory
portion 217 includes 8x8x2'° memory cells and each of these
memory cells is configured to store 2 bits of data, then
memory portion 217 can store 8x8x2'° bits (8 Kbytes) of data
575 included in one page of information and another 8x8x2"°
bits (8 Kbytes) of data 576 included in another page of infor-
mation, for a total of 16 Kbytes of data.

FIG. 5 shows an example where two pages of information
can be stored in each of memory portions 261, 271, and 281.
The number of multiple pages that can be stored in each of
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memory portions 261,271, and 281 can vary. For example, if
memory cells memory portions 261, 271, and 281 are con-
figured to store three bits of information, then each of
memory portions 261, 271, and 281 can store up to three
pages of information.

ECCs associated with different data can have different
sizes (e.g., different numbers of sets and different numbers of
bits). For example, as shown in FIG. 5, ECCs 557, 567, 568,
577,578, 587, 588, and 597 can include different numbers of
sets of ECC. Each of ECCs 557 and 567 can include four sets
of ECC (e.g., 64 bytes of ECC in each set for a total of 256
bytes in four sets). Each of ECCs 577, 587, and 597 can
include three sets of ECC (e.g., 64 bytes of ECCin each set for
atotal of 192 bytes in three sets). Each of ECCs 568, 578, and
588 can include five sets of ECC (e.g., 64 bytes of ECC in
each set for a total of 320 bytes in five sets).

Data in a more error-prone page of information can be
associated with more sets of ECC than data in a less error-
prone page of information. For example, in FIG. 5, since each
of data 566, 576, and 586 are associated with five sets of ECC,
the pages of information that include data 566, 576, and 586
can be referred to as more error-prone pages of information.
In another example, in FIG. 5, since each of data 555, 565,
575, 585, and 595 are associated with fewer than five sets of
ECC, the pages of information that include data 555, 565,
575, 585, and 595 can be referred to as less error-prone pages
of information.

ECCs 557, 567, 568, 577, 578, 587, 588, and 597 can be
generated using techniques including a low-density parity-
check (LDPC) coding technique. For example, as is known to
those skilled in the art, a generator matrix (e.g., a G-matrix)
can be generated based on an LDPC code. Such generator
matrix can be used to generate “ECC;.(DATA WLx)”, “ECC,
(DATA , WLx)”, and “ECC, (DATA; WLx)” of ECCs 557,
567, 568, 577, 578, 587, 588, and 597 associated with data
555, 565, 566, 575, 576, 585, 586, and 595 respectively.

FIG. 6 shows a structure of a generator matrix 610, accord-
ing to an embodiment of the invention. Generator matrix 610
caninclude five layers 601, 602, 603, 604, and 605 and can be
implemented in a quasi-cyclic LDPC codec, such as a five-
layer quasi-cyclic LDPC encoder and a five-layer quasi-cy-
clic LDPC decoder. As shown in FIG. 6, each of layers 601,
602, 603, 604, and 605 can include submatrices, such as
submatrices 620, forming data portion 631 and a parity check
portion 632. Each of submatrices 620 can include a number of
binary value “0” and “1” entries arranged in rows and col-
umns. For simplicity, entries “0” and “1” are not shown in
submatrices 620. Instead, in submatrices 620, the diagonal
lines represent the locations of entries “1” and the spaces
represent the locations of entries “0”.

Generator matrix 610 can be used (e.g., during encoding of
data) to generate ECC, such as ECCs 557,567, 568, 577,578,
587, 588, and 597, described above with reference to FIG. 5.
Different numbers of sets (e.g., up to five sets of parity check
bits) of ECC associated with particular data can be generated.

For example, five sets of ECC (e.g., ECC,, ECC,, ECC,,
ECC;, and ECC,) associated with particular data can be
generated using all layers of generator matrix 610, such as
using all five layers 601, 602, 603, 604, and 605. Thus, for
particular data to be included in a more error-prone page of
information, five sets of ECC associated with that particular
data can be generated using all five layers 601, 602, 603, 604,
and 605 of generator matrix 610.

In another example, fewer than five sets of ECC (e.g., three
sets ECC,,, ECC,, and ECC,, or four sets ECC,, ECC,, and
ECC,, and ECC,) associated with particular data can be
generated using fewer than all layers of generator matrix 610,
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such as using only three layers 601, 602, and 603 (to generate
three sets of ECC) or using only four layers 601, 602, 603, and
604 (to generate four sets of ECC). Thus, for particular data to
be included in a less error-prone page of information, three or
four sets of ECC associated with that particular data can be
generated using only three layers 601, 602, and 603 or only
four layers 601, 602, 603, and 604.

The sets of ECC (e.g., ECC,, ECC,, ECC,, ECC;, and
ECC,) generated based on generator matrix 610 can corre-
spond to sets “ECC, (DATA WLxX)”, “ECC,(DATA , WLx)”,
and “ECC;, (DATA; WLx)” described above with reference
to FIG. 5.

Generator matrix 610 in FIG. 6 can also be used (e.g.,
during decoding of data) to generate data based on ECC
associated with the data if errors have occurred in the data.
For example, if five sets of ECC (e.g., ECC,, ECC,, ECC,,
ECC,;, and ECC,) are associated with particular data (e.g.,
during encoding of the data), then four sets of ECC corre-
sponding to four layers (e.g., 601, 602, 603, and 604) of
generator matrix 610 can be initially used to try to regenerate
that particular data. If the data is unsuccessfully generated,
then all five sets of ECC and all five layers (e.g., 601, 602,
603, 604, and 605) of generator matrix 610 can be used to try
to regenerate that particular data. In another example, if three
sets of ECC (e.g., ECC,, ECC,, and ECC,) are associated
with particular data (e.g., during encoding of the data), then
three sets of ECC and the corresponding three layers (e.g.,
601, 602, and 603) of generator matrix 610 can be used to try
to regenerate that particular data. In another example, if four
sets of ECC (e.g., ECC,, ECC,, ECC,, and ECC,) are asso-
ciated with particular data (e.g., during encoding of the data),
then four sets of ECC and the corresponding four layers (e.g.,
601, 602, 603, and 604) of generator matrix 610 can be used
to try to regenerate that particular data.

FIG. 7 shows a block diagram of an apparatus in the form
of'asystem 700, according to an embodiment of the invention.
System 700 can include devices 710, 720, and 730. Device
710 can include a processor, such as a general purpose pro-
cessor or an application-specific integrated circuit (ASIC).
Device 720 can include a memory controller to control a
transfer of information between devices 710 and 730. Device
720 can also generate ECC associated with data, such as data
transferred from device 710. Device 730 can include a
memory device, such as memory device 100 of FIG. 1. Each
of devices 710, 720, and 730 can be physically located on a
separate semiconductor die. Alternatively, any two of devices
710, 720, and 730 or all of devices 710, 720, and 730 can be
physically located on a same semiconductor die.

In FIG. 7, “DATA+ECC” can represent data and its asso-
ciated ECC in system 700. The data can correspond to “DATA
WLx”, “DATA , WLx”, or “DATA; WLX” included in data
555, 565, 566, 575, 576, 585, 586, and 595 described above
with reference to FIG. 5. In FIG. 7, ECC can correspond to
“ECCy (DATA WLX)”, “ECC,. (DATA , WLx)”, and “ECC,
(DATA,; WLx)” included in ECC 557, 567, 568, 577, 578,
587, 588, and 597 described above with reference to FIG. 5.
InFIG. 7, ECC, (DATAj) can correspond to “ECC, (DATA,
WL1)”, “ECC, (DATA; WL2)”, or “ECC, (DATA; WL3)”
described above with reference to FIG. 5.

The following description describes an example operation
(e.g., write operation) in system 700 to store information in
device 730. In this example operation, device 710 can transfer
data (to be stored in device 730) to device 720. Then, device
720 can generate ECC associated with the data and transfer
both the data and its associated ECC to device 730 for storage
therein.
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In this example operation, an interface 732 of device 720
can receive data from device 710 and transfer the received
datato abufter 734. Device 720 can include an ECC generator
736 to receive data from buffer 734 and generate ECC asso-
ciated with the data.

ECC generator 736 can include an encoder 737 to generate
ECC based at least in part on a generator matrix (e.g., gen-
erator matrix 610 of FIG. 6) implemented in ECC generator
736. The ECC generated by ECC generator 736 can include
different numbers of ECC sets (e.g., sets of parity check bits).
For example, the ECC can include three, four, or five sets,
depending on which page of information will include the data
before that page of information is sent to device 730. For
example, as described above with reference to FIG. 5 and
FIG. 6, ECC associated with data in a more error-prone page
of information can include five sets of ECC. ECC associated
with datain aless error-prone page of information can include
three or four sets of ECC.

In FIG. 7, for example, if the data is included in a less
error-prone page of information, then the ECC generated by
ECC generator 736 for that particular data can include three
or four sets of ECC, which can be similar to or identical to
three sets ECC,, ECC,, and ECC, in each of ECC 577, 587,
and 597 of FIG. 5 or four sets ECC,, ECC,, ECC,, and ECC,
in each of ECC 557 and 567. In another example, if the data
transferred to device 720 is included in a more error-prone
page of information, then the ECC generated by ECC gen-
erator 736 based on particular data can include five sets,
which can be similar to or identical to the ECC sets ECC,,
ECC,, ECC,, ECC,, and ECC, in each of ECC 568, 578, and
588 of FIG. 5.

Device 720 in FIG. 7 can include an ECC write storage unit
738 to store a portion of ECC associated with particular data
in a more error-prone page of information. The portion of
ECC stored in ECC write storage unit 738 can include only
one set (e.g., ECC, (DATA)) among the five sets of ECC
associated with that particular data.

Device 720 can organize data and ECC into pages of infor-
mation and transfer them to device 730 for storage therein.
Each page of information can include data and four sets of
ECC. The four sets of ECC can be ECC associated with the
same data and/or different data. For example, a more error-
prone page of information can include data (e.g., data 566,
576, and 586 in FIG. 5) and four out of five sets (e.g., ECC,,
ECC,, ECC,, and ECC;) of ECC associated with that same
data. A less error-prone page of information can include data
(e.g., data 555 and 556 in FIG. 5) and all four sets of its
associated ECC (e.g., ECC,, ECC,, ECC,, and ECC;).

A less error-prone page of information can also include
data (e.g., data 575, 585, and 595 in FIG. 5) and all three sets
ofits associated ECC (e.g., ECC,, ECC,, and ECC,). A fourth
set of ECC in a less error-prone page of information comes
from the ECC set (e.g., ECC, (DATAy)) that is stored in ECC
write storage unit 738. As described above, the ECC set (e.g.,
ECC, (DATAy)) stored in ECC write storage unit 738 is
associated with data included a more error-prone page of
information. Device 720 can transfer the ECC set (e.g., ECC,
(DATA)) stored in ECC write storage unit 738 to device 730
at a time different from the transfer of the rest of the ECC
associated with data in a more error-prone page of informa-
tion, as described below.

After generation of ECC (e.g., five ECC sets) associated
with particular data to be included in a more error-prone page
of information, device 720 can store a portion of ECC (e.g.,
ECC, (DATAR)) associated with that particular data and
transfer that particular data and the rest (e.g., four sets ECC,,,
ECC,, ECC,, and ECC,) of its associated ECC in a page of
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information to an interface 742 through a write control unit
740. The portion of the ECC stored in ECC write storage unit
738 can remain stored in ECC write storage unit 738 during
and after the other portion of ECC associated with that par-
ticular data is transferred to the interface 742. Thus, after

Responsive to generation of ECC (e.g., three ECC sets)
associated with particular data to be included in a less error-
prone page of information, device 720 can retrieve the portion
of ECC (e.g., ECC, (DATAy)) stored in ECC write storage
unit 738 and transfer it together with the data and associated
ECC (e.g., three ECC sets) in the less error-prone page of
information to interface 742.

Device 730 can include memory cells (not shown in FIG. 7)
that can be configured to store pages of information (data and
ECC received from device 720) in a fashion similar to or
identical to those described above with reference to FIG. 5.

The following description describes another example
operation (e.g., read operation) in system 700 to retrieve
stored information from device 730. In this example opera-
tion, device 720 can receive information, including data and
ECC, from device 730 at an interface 742. Device 720 can
include a read control unit 750 and a processing unit 752 to
process the information. Device 720 can include a check unit
754 to generate data from the information.

Check unit 754 can include a decoder 756 to generate data
based at least in part on a generator matrix implemented in
checkunit 754, which can be the same as the generator matrix
implemented in ECC generator 736.

Device 720 can generate data based on only a portion of the
layers (e.g., fewer than all layers) of the generator matrix. For
example, for a less error-prone page of information, device
720 can use only three (or four) layers of the generator matrix
to generate data. For a more error-prone page of information,
device 720 can either use only a portion (e.g., four layers) of
all layers or use all layers (e.g., five) of the generator matrix to
generate data. For example, device 720 can be configured to
normally use fewer than all layers of the generator matrix to
generate data from a more error-prone page of information. If
device 720 is unable to successfully generate the data using
fewer than all layers, then it will use all layers of the generator
matrix and repeat the process to generate the data.

The following description describes an example operation
where device 720 generates data when it receives a more
error-prone page of information from device 730. For ease of
describing the example, information shown in FIG. 5 is used.
In this example operation, device 720 receives from device
730 a page of information, such as the page of information
that includes data DATA ; WL2 and four sets of its associated
ECC, “ECC, (DATA; WL2)”, “ECC, (DATA; WL2)”,
“ECC, (DATA; WL2)”,and “ECC, (DATA ; WL.2)” (FIG. 5).
As shown in FIG. 5, this page of information is stored in
memory portions 271, 272, and 273 associated with line
WL2. In FIG. 7, device 720 uses four sets of the ECC (ECC,
(DATA; WL2), ECC, (DATA; WL2), ECC, (DATA; WL2),
and ECC; (DATA; WL2)) and four layers of the generator
matrix to generate the data (e.g., DATA; WL2). If device 720
is able to generate the data from the received page of infor-
mation (including four sets of ECC), it will transfer the data to
device 710.

If device 720 is unable to generate the data (e.g., DATA,
WL2) from the received page of information (including four
sets of ECC), it will try again using all layers (e.g., five) of the
generator matrix and all sets of ECC (e.g., five) associated
with the data, including a fifth set (e.g., ECC, (DATA; WL2)
in FIG. 5) of ECC associated with the data. Device 720 can
include an ECC read storage unit 758 to store a portion (e.g.,
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ECC, (DATA; WL2)) of ECC associated with data included
in a more error-prone page of information in a second attempt
to generate the data.

During a second attempt to generate the data, device 720
retrieves ECC, (DATA; WL2) from memory portion 283
(FIG. 5) and stores ECC, (DATA; WL2) in ECC read storage
unit 758. Then, device 720 retrieves DATA ; WL2 and “ECC,
(DATA; WL2)”?, “ECC, (DATA; WL2)”, “ECC, (DATA,
WL2)”, and “ECC; (DATA; WL2)” from the page of infor-
mation from which device 720 was unable to generate the
data. This time, device 720 can use all five sets of ECC (ECC,
(DATA; WL2), ECC, (DATA; WL2), ECC, (DATA, WL2),
ECC; (DATA; WL2), ECC, (DATA; WL2)) and five layers
of the generator matrix to generate the data (e.g., DATA,
WL2).

In some situations (e.g., power down) in system 700, a
portion (e.g., ECC, DATA) of the ECC associated with par-
ticular data in a more error-prone page of information may not
have been stored in ECC write storage unit 738 after that
particular data is stored in device 730. In this situation, before
performing a write operation to store new data in device 730,
device 720 canretrieve (e.g., in a read operation) that particu-
lar data (data already stored) from device 730. After the stored
data is retrieved, device 730 can generate (e.g., regenerate)
the entire ECC (e.g., all five sets of ECC) associated with that
data. Then, device 720 can store the portion (e.g., ECC,
DATA ) of ECC in ECC write storage unit 736 and then store
that portion of ECC in device 730 together with data and ECC
in a less error-prone page of information, as described above.

System 700 may include an additional storage unit (not
shown in FIG. 7) to maintain (e.g., store) a large number of
ECC, such that regenerating a portion of ECC (e.g., ECC,
DATA) in some situations (e.g., power down) as described
above, may be avoided. The large number of ECC can include
all five sets of ECC (e.g., entire ECC) associated with data in
one or more pages of information. The additional storage unit
in system 700 can include large memory (e.g., non-volatile
memory) such as a large on-board cache memory in device
720.In some cases, the additional storage unit can be included
as part of ECC write storage unit 738.

FIG. 8 is a flow diagram showing a method 800 of operat-
ing a system, according to an embodiment of the invention.
Methods 800 can include activities 810, 820, and 830. All or
part of activities 810, 820, and 830 can be used in an appara-
tus, such as memory device 100 of FIG. 1, memory device
200 of FIG. 2, or system 700 of FIG. 7.

Activity 810 can include generating ECC associated with
data. Activity 820 can include storing the data and ECC.
Activity 830 can include retrieving the data and ECC. Activi-
ties 810, 820, and 830 can include some or all of the activities
performed by an apparatus (e.g., memory devices 100 and
200 and system 700) described above with reference to FIG.
1 through FIG. 7.

The illustrations of apparatuses (e.g., memory devices 100
and 200 and system 700) and methods (e.g., method 800) are
intended to provide a general understanding of the structure
of various embodiments and are not intended to provide a
complete description of all the elements and features of appa-
ratuses that might make use of the structures described herein.
An apparatus herein refers to, for example, either a device
(e.g., memory devices 100 and 200) or a system (e.g., system
700) that includes a device such as memory devices 100 and
200.

Memory devices 100 and 200 and system 800 may be
included in apparatuses (e.g., electronic circuitry) such as
high-speed computers, communication and signal processing
circuitry, single or multi-processor modules, single or mul-



US 9,336,086 B2

15

tiple embedded processors, multi-core processors, message
information switches, and application-specific modules
including multilayer, multi-chip modules. Such apparatuses
may further be included as sub-components within a variety
of other apparatuses (e.g., electronic systems), such as tele-
visions, cellular telephones, personal computers (e.g., laptop
computers, desktop computers, handheld computers, tablet
computers, etc.), workstations, radios, video players, audio
players (e.g., MP3 (Motion Picture Experts Group, Audio
Layer 3) players), vehicles, medical devices (e.g., heart moni-
tor, blood pressure monitor, etc.), set top boxes, and others.

The embodiments described above with reference to FIG.
1 through FIG. 8 include apparatuses and methods having
first memory cells, a first access line configured to access the
first memory cells, second memory cells, and a second access
line configured to access the second memory cells. One of
such apparatuses can include a controller configured to cause
data to be stored in a memory portion of the first memory
cells, to cause a first portion of an error correction code
associated with the data to be stored in another memory
portion of the first memory cells, and to cause a second
portion of the error correction code to be stored in the second
memory cells. Other embodiments including additional appa-
ratuses and methods are described.

The above description and the drawings illustrate some
embodiments of the invention to enable those skilled in the art
to practice the embodiments of the invention. Other embodi-
ments may incorporate structural, logical, electrical, process,
and other changes. Examples merely typify possible varia-
tions. Portions and features of some embodiments may be
included in, or substituted for, those of others. Many other
embodiments will be apparent to those of skill in the art upon
reading and understanding the above description.

What is claimed is:

1. An apparatus comprising:

first memory cells located on a first level of a memory

device;

second memory cells located on a second level of the

memory device; and

acontroller to cause data to be stored in a first memory cell

group of the first memory cells, to cause a first portion of
an error correction code associated with the data to be
stored in a second memory cell group of the first memory
cells, to cause additional data to be stored in a first
memory cell group of the second memory cells and to
cause a second portion of the error correction code to be
stored in a second memory cell group of the second
memory cells, wherein the controller is further config-
ured to cause at least a portion of an error correction code
associated with the additional data to be stored in a third
memory cell group of the second memory cells concur-
rently with storing of the second portion of the error
correction code in the second memory cell group of the
second memory cells.

2. The apparatus of claim 1, wherein the controller is fur-
ther configured to cause an additional portion of the error
correction code associated with the data to be stored in a third
memory cell group of the first memory cells.

3. The apparatus of claim 1, wherein the data includes a
page of information, and the error correction code is associ-
ated with the page of information.

4. The apparatus of claim 1, further comprising a first line
access to access the first memory cells, and a second access
line to access the second memory cells.

5. The apparatus of claim 4, wherein the first access line is
located immediately next to the second access line.
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6. The apparatus of claim 1, wherein the first and second
memory cells are located on a semiconductor die, and the
controller is located on another semiconductor die.

7. The apparatus of claim 1, wherein the controller includes
an error correction code generator to generate the first and
second portions of the error correction code.

8. An apparatus comprising:

first memory cells associated with a first access line;

second memory cells associated with a second access line;

and

a controller to:

store first data in the first memory cells;

store second data in a first memory cell group of second

memory cells;

store at least a portion of an error correction code associ-

ated with the second data in a second memory cell group
of the second memory cells; and

store a portion of an error correction code associated with

the first data in a third memory cell group of the second
memory cells, wherein the controller is configured to
concurrently store the at least a portion of the error
correction code associated with the second data and the
portion of the error correction code associated with the
first data.

9. The apparatus of claim 8, wherein the controller is fur-
ther configured to store at least a portion of an error correction
code associated with third data in the second memory cell
group of the second memory cells.

10. The apparatus of claim 9, wherein the controller is
further configured to store an additional portion of the error
correction code associated with the third data in the third
memory cell group of the second memory cells.

11. The apparatus of claim 10, wherein the portion of the
error correction code associated with the first data is stored in
the third memory cell group of the second memory cells
before the additional portion of the error correction code
associated with the third data is stored in the third memory
cell group of the second memory cells.

12. The apparatus of claim 8, wherein the at least a portion
of the error correction code associated with the second data
and the portion of the error correction code associated with
the first data have difference sizes.

13. An apparatus comprising:

first memory cells associated with a first access line;

second memory cells associated with a second access line;

and

a controller to:

retrieve information from the first memory cells;

generate data from the information using a first portion
of error correction code associated with the data, the
first portion of error correction code associated with
the data being included in the information;

retrieve a second portion of the error correction code asso-

ciated with the data from the second memory cells if the

data is unsuccessfully generated from the information

using the first portion of error correction code associated

with the data; and

generate data using the first portion of error correction
code associated with the data and the second portion
of error correction code associated with the data.

14. The apparatus of claim 13, wherein the first portion of
the error correction code associated with the data and the
second portion of the error correction code associated with
the data have unequal sizes.
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15. The apparatus of claim 13, wherein the controller is
configured to generate the first and second portions of the
error correction code based on the data before the information
is stored.

16. The apparatus of claim 15, wherein the first and second
memory cells are located on a memory device, and the con-
troller is located on a memory controller.

17. The apparatus of claim 13, wherein the first and second
memory cells and the controller are located on a same semi-
conductor die.

18. The apparatus claim 13, wherein the first and second
memory cells and the controller are located different semi-
conductor dice.
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